A numerical software analysis of the turbulent and strongly swirling flow field of a cyclone separator with downward exhaust gas and its performances is described. The ANSYS 14.0 simulations based on DPM model are also used in the investigation. A new set of geometrical design has been optimized to achieve minimum pressure drop and maximum separation efficiency. A comparison of numerical simulation of the new design confirm the superior performance of the new design compared to the conventional design.
Introduction
Gas cyclone separators are widely used in industries to separate dust from gas due to their geometrical simplicity and relative economy in power consumption [1] . Currently, with the speeding up of the exhaustion of global energy resources, environmental pollution has become the focus of world [2] . Cyclone separator with downward exhaust gas has some advantages such as small flow resistance, low pressure loss and relatively low cost; And it is able to meet the requirements of ∏ type in the circulating fluidized bed boiler; while separation efficiency and ensure lower pressure loss at the same time, further study of the fine particles separation mechanism with the separator and the structure optimization design are needed [3] . * Conrresponding author: wahut@sina.com Therefore, the overall resistance losses will be much greater than the downward exhaust pipe, and based on the structure features of the exhaust separator, it's the overall layout also more flexible [4] . However, due to the vortex change of the flow field, particle entrainment phenomenon is relatively serious in the downward exhaust gas, and the separation efficiency is smaller than that of the upward exhaust gas [5] . Thus to obtain the best separation performance, and meet the needs of the actual operation, it is necessary to optimize the design of the structure in this paper.
Numerical models and boundary conditions

Physical model
The Fig.2 shows the schematic of the reference cyclone separator which is applied to some 400 / t h CFB boiler.
The power plant uses coal gangue as fuel, and CFB boiler adopting the cyclone separator with downward exhaust gas. 
Simulation condition
Due to the gas flow of the cyclone separator is a three dimensional turbulent flow, so simulation process is more complex. The research proposed that the RNG   k model closed equations directly for the two order correlation of fluctuating velocity, and the determination of particle flow is ensured by the use of a DPM mode [6] .
Because of there is the thin particles in the cyclone separator, the phase coupling is not considered, and the influence of the turbulent fluctuation is only considered.
Meanwhile, the volume averaged conservation equation is discretized by the control volume finite element method, ANSYS 14 uses the isolation method to solve. The SIMPLE algorithm is adopted in the solution process, and the QUICK scheme is used to the convection term in the discrete scheme. Finally, this model shows the computational domain, containing 6682651 cells. The whole computational domain is divided by structured hexahedron grids.
NUMERICAL SIMULATION RESULTS AND ANALYSIS
In order to eliminate the influence of other operating factors, the simulation of each structure is carried out under the same operating parameters. Inlet flow velocity remains constant, which is 16.3 / m s , the particle size of the incident particles was Rosin-Rammler distribution.
Particle size range is from to 0.075 ~0.25 
Effect of inlet shape on separation efficiency and pressure loss
Research shows that pressure drop and separation efficiency are the principal parameters which characterize the performances of a cyclone separator. We only study the influence of tangential normal inlet and tangential tapered inlet structure, while their entrance area and initial converging inlet, the speed of the area above the exhaust pipe is obviously increased. This is because the gas and solid mixture enters the tapered pipe, the inlet section is gradually reduced, which cause to the velocity of gas is increased. And the penetration ability of particles is also enhanced. More particles can pass through the vortex field to the wall of the separator. Meanwhile, the separation efficiency of the separator can be improved. Thus the above factors are taken into consideration: this article does not require the use of converging entrance structure.
Effect of guide pipe on separation efficiency and pressure loss
As shown is Fig.4 , it is the numerical simulation results of two kinds of cyclone separators with different structures.
Compared with a conical guide tube, the inlet velocity of the cylindrical guide pipe is larger, and a strong vortex is generated. Meanwhile, the cross section of the exhaust pipe suddenly reduced, resulting in a sudden increase in the speed of air whirling, which leads to the increase of pressure loss. When the square cut converging inlet is employed, the separation efficiency of the cyclone separator increases as the velocity increases, while the vortex flow also increases and the pressure loss increases obviously.
Compared with conical guide pipe, the cylindrical guide pipe entrance has a higher velocity and a stronger vortex.
With a certain range, the selection of nozzle length needs a comprehensive consideration of the influence of the separation efficiency and pressure loss.
